Neurocysticercosis (NCC) has a wide spectrum of neurologic and psychiatric manifestations, including epileptic seizures, high intracranial pressure, cognitive dysfunction, and meningoencephalitis. This study presents the clinical diagnosis of 2539 NCC patients in Shandong Province, Eastern China, from 1997 to 2015. The diagnosis was based primarily on clinical features, neuroimaging, immunology, and electroencephalogramy studies. In all age groups, seizures were found to be the most common manifestation, followed by headaches, memory loss, and limb numbness, and disability. After antiparasitic treatment, computed tomography and magnetic resonance imaging showed that most of the lesions had been completely absorbed in 2106 (82.95%) patients, most of the lesions had been absorbed and a small proportion was converted into calcifications in 433 (17.05%) cases. Indirect hemagglutination (IHA), enzyme-linked immunosorbent assay (ELISA), and circulating antigen (CAg) serum tests initially gave 76.45%, 86.37%, and 80.66% positive results, respectively. After antiparasitic therapy, the positive rates of the IHA, ELISA, and CAg tests were 74.77%, 84.70%, and 3.75%, respectively, showing no significant difference in antibody levels ( p > 0.05), but a significant difference in CAg levels ( p < 0.01). The clinical antiparasitic treatment of NCC with three to four courses of a combination of albendazole and praziquantel achieved satisfactory therapeutic efficacy.
Introduction
C ysticercosis is a parasitic disease that usually occurs in domestic animals such as pigs and cattle and is caused by the larval cysticercus or metacestode stage of Taenia solium, also known as pork tapeworm. The larvae can lodge in various human tissues and organs. Neurocysticercosis (NCC) occurs when the cysticercus is located in the central nervous system of human brain. This disease tends to be most common in rural areas where sanitation and hygiene conditions are poor; raw or undercooked pork is eaten; and breeding livestock, especially pigs, have access to human feces (Coyle et al. 2012 , Del Brutto 2012 , Mwanjali et al. 2013 . However, NCC is increasingly emerging in developed countries due to global immigration (Wandra et al. 2015) . In addition, NCC has occurred in several African and Asian countries, including India, Indonesia, Thailand, Cambodia, Nepal, Philippines, Myanmar, Vietnam, Korea, and China (Roman et al. 2000 , Ndimubanzi et al. 2010 , Sorvillo et al. 2011 .
NCC is one of the most common parasitic infectious diseases in China, accounting for 60-90% of cysticercosis, and has a wide spectrum of neurologic and psychiatric manifestations, including epileptic seizures, high intracranial pressure, cognitive dysfunction, and meningoencephalitis. Since the 1980s, praziquantel and albendazole has been widely used in the clinical antiparasitic treatment of NCC and have achieved satisfactory therapeutic efficacy. Although this treatment is well established, the dosage and course of antiparasitic drugs for NCC remain to be optimized, and new research is constantly under way in China on how to use antiparasitic drugs rationally to achieve optimal effect (Su and Si 2002, Zhu et al. 2002) . In this study, we performed a systematic review of the diagnosis and treatment of NCC in Shandong Province, China, from 1997 to 2015 to provide valuable data for the diagnosis and treatment of NCC.
Patients diagnosed with NCC admitted to the Parasitology Department at Shandong Institute of Parasitic Diseases (SIPD) in Shandong Province, China, between February 1997 and June 2015 was enrolled in this study. SIPD has been appointed by the WHO as the collaborating center for lymphatic filariasis and taeniasis/cysticercosis since 1997, and the institute has made great contributions to the prevention, diagnosis, and laboratory research of cysticercosis in China.
Diagnosis of NCC
The criteria (WS 381-2012) drafted by our center were used for diagnosis of clinical NCC in China (Zhen et al. 2012) . The criteria include the following: (1) clinical symptoms such as epilepsy, high intracranial pressure, mental disorders, and so on, with other causes of brain damage excluded; (2) cysticercus cellulosae identified surgically by tableting, incubation tests, or histopathologic examination;
(3) serum or cerebrospinal fluid positive by immunologic examination; (4) typical images by computed tomography (CT), magnetic resonance imaging (MRI) examination or electroencephalogram; and (5) history of travel to or residence in endemic areas and a history of tapeworms or contact with tapeworm-infected patients. Neuroimaging and immunological examination methods, including CT, MRI, indirect hemagglutination (IHA), enzyme-linked immunosorbent assay (ELISA), circulating antigen (CAg), and electroencephalogramy (EEG), can provide accurate diagnosis and evaluation of NCC, and these methods are described below.
Neuroimaging diagnosis
The CT image of a cysticercus in the active period is shown as a round low-density cyst with a diameter of 0.5-2 cm, and the eccentric scolex can be seen; a larger cyst with a diameter of 2-12 cm is surrounded by a faint ring due to hyperplasia of fibrous tissue, and the scolex is difficult to see. In the degenerative death period, a cyst is shown as a low-density edematous area in one or several places, and there is a nodular or annular hyperintense area in the edematous region after enhancement. In the inactive period, the cyst is a round or elliptical calcification with a clearly defined edge, 2-4 mm in diameter, and there is no edema around it.
For the MRI examination, during the active period, cerebral parenchymal cysticercosis and intraventricular cysticercosis can be clearly distinguished. T 1 -weighted imaging shows the cysticercus as a circular hypointense region and the scolex as a point-like or comma-like hyperintense region. T 2weighted imaging shows a round hyperintense region, and the scolex appears as a punctate hypointense region; in the degenerative death period, the scolex is unclear, and the surrounding edema is obviously aggravated. Both T 1weighted images and T 2 -weighted images show large area of edema, and the thickness of the reinforcing ring is significantly increased. Calcifications sometimes occur after death, showing a long T 1 and short T 2 ; in the inactive period, MRI shows a point with no signal.
Immunological diagnosis
A total of 2 mL venous blood was collected from patients, and 1-2 mL cerebrospinal fluid was collected by lumbar puncture under sterile conditions for immunological diagnosis.
The IHA test was carried out as follows: (1) samples were diluted with a 96-well V-type plexiglass microhemagglutination plate, 8 wells per row, and 0.5% rabbit serum per well (50 lL) was added. Then, the tested serum was removed from in the first well with a 0.025 mL metal dilution rod and diluted to the seventh well. The eighth well was a 0.5% rabbit serum control. One drop (50 lL) of antigen-sensitized red blood cells was added to each well; the plate was then shaken for 2 min on a vibrating microshaker and placed at room temperature for 1 h to observe the results. The red blood cells diluted 1:8 in the serum was positive for (++) agglutination, and the maximum dilution of serum with red blood cells was also positive (++).
The ELISA assay was carried out as follows: a polystyrene reaction plate was used as a carrier, and 1:2000 diluted antigen was added to the wells, 0.2 mL per well, and the plate was placed in a 37°C incubator for 2 h and then transferred to a 4°C refrigerator overnight. The next day, the plate was washed 3 times (3-5 min each), and 0.2 mL patient serum diluted 1:50 was added; next, the samples were incubated at 37°C for 2 h in a refrigerator. Then, the plate was washed 3 times in the same way as above; 0.2 mL enzyme conjugate diluted 1:2000 was added. Subsequently, the plate was incubated at 37°C for 3 h and rinsed 3 times; 0.2 mL substrate solution was added, followed 30 min later by stop solution. The absorbance A value was measured by an enzyme labeling instrument at 450 nm (reference wavelength at 630 nm). A tested serum A value ‡ 1.5 times the average A value of the healthy control serum was considered positive.
CAg in the serum and cerebrospinal fluid of patients with cysticercosis was detected by the double antibody sandwich method. The A 450 of each well was determined by an enzymelabeled meter. The test was positive when the A value of the sample well was 2.1 times higher than the A value of the negative control well, and if the A value of the negative control well was <0.03, then it was calculated by 0.03.
Electrophysiology diagnosis
The EEG test was performed using a 16-lead EEG machine (Shenkang Technology Corporation NDWZ, China). The silver electrode was placed according to the international 10/ 20 system. Single and bipolar lead traces were performed in awake, quiet, and sitting status. The EEG results were judged by reference to Feng Yingkun's clinical electroencephalography (Feng 1980) .
Therapeutic regimen
After admission, all patients were treated with pumpkin seeds and betel nuts. Patients with high intracranial pressure were treated with mannitol and dexamethasone to reduce intracranial pressure, and patients with frequent epilepsy were given antiepileptic treatment. Patients with enlarged ventricles and intraventricular cysticercosis were treated with lateral ventricle-peritoneal shunt and surgical excision. After the clinical symptoms were significantly improved, antiparasitic treatment was performed. All hospitalized patients were treated with anticysticercosis drug, albendazole 20 mg/kg/d, and praziquantel 30 mg/kg/d for 12 days in the first course. Afterward, praziquantel was increased to 902 HUANG ET AL.
50 mg/kg/d for 12 days in the second course, and praziquantel 50 mg/kg/d for 12 days in the third course, with an intermittence of 2-3 months. The antiparasitic treatment generally includes a total of three or four courses according to the conditions of patients. In the process, mannitol, dexamethasone, and brain protective agent were also adopted when marked evidence of raised intracranial pressure was noted.
Efficacy evaluation
The criteria for evaluating the curative effect were as follows: (1) cure: the clinical symptoms and signs disappeared, the imaging examination showed no lesions, and the enlarged ventricles returned to normal size morphologically; (2) markedly effective: the clinical symptoms and signs disappeared or obviously improved, most of the cystic lesions (75-80%) disappeared, and the remaining (20-25%) turned into calcification; and (3) invalid: there was no significant improvement in clinical symptoms and signs or significant change in cystic lesions before and after treatment.
Statistical analysis
Pre and posttreatment analyses of neuroimaging, immunologic EEG results, and clinical features were carried out. Data analysis was performed using SPSS version 18.
Results

General condition of the cohort
A total of 2539 NCC patients were included in this study, with a mean enrolment age of 39.6 -10.2 years (range: 5-76 years). Detailed information on the cohort is illustrated in Table 1 . The highest incidence rate was found among the 40-59-year age group (29.9 [27.6-32 .2]), while the 1-19-year age group had the lowest incidence risk (10.1 [8.6-11.6]). The male to female ratio is 8:3. For the course of disease, the shortest duration was just 2 days, whereas the longest duration was up to 32 years. For the occupation, 1829 (72.04%) patients were farmers. In addition, 53 (2.09%) patients had a history of eating pork infected with T. solium tapeworm, and 394 (15.52%) patients had defecated tapeworm proglottis in the hospital.
Neuroimaging diagnosis
All 2539 patients with NCC underwent CT, and 469 atypical cases also underwent MRI. MRI showed that 341 cases showed significantly increased lesions compared with CT (mainly active lesions), and 128 cases showed less lesions than CT (mainly calcified lesions). The lesions were mainly located in the frontal, temporal, and parietal regions ( Fig. 1) . According to the classification of Enhui Wu, patients with imaging findings were divided into nine types: (1) 781 cases of cerebral parenchyma cyst, (2) 213 cases of acute encephalitis, (3) 281 cases of patchy edema, (4) 203 cases of single cyst or multiple cysts, (5) 380 cases of nodular cyst, (6) 39 cases of meningitis, (7) 207 cases of multiple calcification, (8) 79 cases of ventricular cyst, and (9) 356 cases of mixed type. Among the patients, 341 cases showed significantly increased lesions (mainly active stage lesions), whereas 128 cases demonstrated reduced lesions (mainly calcified lesions) compared with the original CT (Wu 1995) (Table 2) .
After 3-4 courses of antiparasitic treatment, 2170 patients subsequently underwent CT examination, and 369 received MRI again. The results showed that low-density lesions were completely absorbed in 2106 (82.95%) patients. Lesions that were mostly absorbed were found in 433 (17.05%) cases, among whom 72 hydrocephalus cases (72/79, 91.14%) returned to normal and 7 ventricle cases were significantly smaller than before surgery (Fig. 2) .
Immunological diagnosis
Blood samples were collected from all patients with NCC (2539), and serum was isolated for IHA, ELISA, and CAg detection. In this study, 1941 (76.45%) serum samples were IHA-positive, 2193 (86.37%) were ELISA-positive, and 2048 (80.66%) were CAg-positive. The dynamic changes in immunology were observed in 987 NCC patients after antiparasitic therapy. The positive rates of IHA, ELISA, and CAg were 74.77%, 84.70%, and 3.75%, respectively, showing no significant difference in the antibody ( p > 0.05), but a significant difference in the CAg ( p < 0.01). In addition, 569 patients provided cerebrospinal fluid for testing, 409 (71.88%) samples were IHA-positive, 475 (83.48%) were ELISA-positive, and 412 (72.41%) were CAg-positive.
EEG examination
All patients with NCC received EEG examination. The results indicated that 915 (36.04%) were normal, while 1624 (63.96%) were abnormal. Among the abnormal cases, 679 (41.81%) were mildly abnormal, 741 (45.63%) were moderately abnormal, and 204 (12.56%) were severely abnormal. After treatment, 1253 NCC patients were rechecked by EEG, and the results showed that 938 cases (74.86%) returned to normal, 251 cases (20.03%) were obviously improved, and 64 cases were still mildly abnormal.
Clinical features
The clinical features are illustrated in Table 3 . Seizures/ epilepsy (1427 cases) was found to be the most common feature, followed by headaches (894 cases), memory loss (239 cases), limb numbness and disability (229 cases), speech impairment (85 cases), blurred vision and diplopia (74 cases), and mental disorders (49 cases). Fundus examination Cysticercus was also found in subcutaneous nodules in 127 patients by surgical extraction. After antiparasitic therapy, 1349 (94.53%) patients with epilepsy had their seizures completely under control, and 78 (5.47%) patients with epilepsy showed reduced seizure-onset frequency and duration. Of the 894 patients with headache, dizziness, nausea, and vomiting, 861 (96.31%) recovered, and only 33 (3.69%) still had symptoms when they caught a cold or felt tired. For patients with memory loss, 223 (93.31%) returned to their preillness conditions, while 16 (6.69%) had no significant improvement. All NCC patients with limb numbness and disability, speech impairment, blurred vision and diplopia, mental disorders, papilledema, papilledema with hemorrhage, and increased intracranial pressure returned to normal. For the 127 patients with sub-cutaneous nodules, nodules disappeared after two courses of antiparasitic treatment.
Adverse drug reactions
During the first course of antiparasitic treatment, 744 (29.30%) NCC patients had adverse drug reactions, mostly within a week, with the main manifestations of fever, headache, dizziness, nausea, vomiting, malaise, allergic reactions, seizures, numbness, and disability. Among them, 341 cases (45.83%) had headache and dizziness, 386 cases (51.88%) had fever, and some patients had both fever and headache. These patients were suspended to use antiparasitic drugs and given appropriate treatment in a timely manner. In the second course of treatment, only 91 (12.31%) patients who were severely infected had adverse drug reactions, but the symptoms and severity were significantly reduced.
Discussion
Shandong Province used to be one of the most epidemic areas of cysticercosis in China. The infection rate of cysticercosis was 0.71% in Shandong province in 1986 (Cao and Xu 1995) , and the prevalence of cysticercosis was reduced to 0.11% in 1997 (Liu et al. 2000) . This study found that NCC patients were predominately middle-aged, more men than women, and the occupation was dominated by farmers. The main clinical manifestations of NCC included seizures, headache, dizziness, nausea, memory loss, and limb numbness. These clinical symptoms depend on the number of parasites, the location, the life stage of the cysticercus, the immune response of the host and so on (Carabin et al. 2011 , Nash and Garcia 2011 , Sierra et al. 2017 . The evolution of cerebral cysticercus generally involves three stages: active, degenerative, and calcification stages. Their damage to brain tissue varies in different stages, and the harm is the greatest in Pariental NCC (A, B) , frontal NCC (C), temporal NCC (D), cerebellar NCC (E), and intraventricular NCC (F). NCC, neurocysticercosis. the degenerative stage. During this period, cysticercus releases large amounts of allogeneic protein, which leads to cerebral edema, inflammation in brain tissues, fibrosis, the blockage of the cerebrospinal fluid pathway, resulting in increased intracranial pressure and even palsy, thus showing different symptoms in the clinic. In this study, after 3-4 courses of antiparasitic treatment, most of the lesions in NCC patients were absorbed, and only a small number were converted to calcification. The total effective rate was up to 100%, which was similar to the report that 80% of the cerebral parenchyma cysticercosis were destroyed and absorbed without calcification after therapy (Wu et al. 2013) . After the antiparasitic treatment, as the antigen produced by the cysticercus decreased or disappeared, the immune response was reduced, and with the organization and neovascularization, the function of brain gradually returned to normal; thus, clinical symptoms disappeared or relieved. The recovery of patients with clinical symptoms was a quite slow process, mainly due to the severity of infection, untimely treatment, and the formation of calcifications of the worm. Therefore, patients should avoid overwork and drinking in their daily lives to improve their quality of life and keep healthy. Imaging examination is very important for the diagnosis and treatment of NCC, because it can be used not only to judge the location, the infection conditions, and the stage of cerebral cysticercus but also to identify low-density fresh lesions and high-density calcification. When the cysticercus is active, the cyst wall was thin and had not been surrounded by fibrous tissue, this was the best time for anticysticercus treatment. After taking medicine, the cyst wall was ruptured and cysticercus was decomposed and liquefied, which can be absorbed completely, and few calcifications were formed. In contrast, in the degeneration and death stage, cysticercus began to degenerate, cystic fluid became turbid, allogeneic protein entered into the cerebral tissue, the surrounding tissue was organized and inflammatory granuloma was formed, surrounded by fibrous tissue, and the cystic wall became thick, so it was difficult for medicine to act on the cysticercus. Then, the cysticercus gradually became fibrosis and calcified. The absorption of calcification was quite difficult, so some patients still had mild brain symptoms after treatment ( Jia et al. 2003 , Wang et al. 2008 , Cangalaya et al. 2017 , Singh et al. 2017 . Therefore, once the diagnosis of NCC was confirmed, treatment should be taken promptly so that the lesions could be completely absorbed. For patients with calcified lesions, blood circulation, and brain function recovery measures should be performed to control the clinical symptoms, but cysticidal drug was not needed ( Jia et al. 2005 , Nash et al. 2008 .
Immunological examination is of great value in the diagnosis of NCC, but it is of little significance to the early diagnosis because the antibody does not appear until a few weeks after infection and lives in the serum for as long as 10 years (Feng and Shen 1989) . The detection of CAg is not only diagnostically valuable in the early stage of disease but also useful as a reference for evaluating the curative effect of anticysticercosis treatment, since CAg is the discharge or excrement of cysticercus into the host body, which appears earlier than antibody and coexists with cysticercus. The amount of CAg is consistent with the degree of infection and disappears with the death of cysticercus (Li 1991 , Montano et al. 2005 . It was reported that the changes in clinical symptoms were consistent with the changes in serum CAg, and the CAg of the patients decreased or disappeared significantly 30 days after the death of cysticercus (Zhai et al. 1993) . The results of this study are consistent with the report above.
EEG is considered an index that reflects the function of cerebral cells. This modality is essentially different from CT and MRI anatomical imaging in the diagnosis of cerebral diseases, especially in providing valuable information in the early stage of various organic brain diseases. In this study, the abnormal rate of EEG was 63.96%, mainly mild and moderate abnormal. After antiparasitic treatment, 1253 NCC patients were reviewed, 94.89% returned to normal or significantly improved, and the metabolic neuronal function of brain cells gradually returned to normal, indicating that most of the brain damage caused by NCC can be recovered gradually. The change in EEG is basically consistent with the development of the disease. As the patient is cured or improved, the EEG gradually becomes normal or basically normal.
No effective drug for the treatment of NCC had been discovered before the 1980s in the world. Some domestic scholars have made pills with a variety of Chinese herbal medicines, such as GanWupulvis (Ge et al. 1991) . However, these therapies usually lasted more than 1 year, and the treatment efficacy was uncertain. Since the 1980s, the advent of praziquantel and albendazole made a breakthrough in the treatment of NCC. Specific antiparasitic treatment used either praziquantel or albendazole alone, with dosages ranging from 10 to 60 mg/k/d, and the therapeutic result was not satisfactory (Ma et al. 1984 , Sotelo et al. 1990 , Botero et al. 1993 , Garcia et al. 2004 , Del Brutto et al. 2006 ). The present study designed an increasing dosage and prolonged course of treatment to ensure the effective time of the drug in vivo based on the site and mechanism of albendazole and praziquantel acting on NCC, the pharmacokinetics, blood, and cerebrospinal fluid concentration. Clinical observations have shown that some NCC patients were repeated infections, and the degree of infection and parasitic locations were different. Moreover, diapause phenomena occurred in the body, usually lasting 60-270 days. All of these brought difficulties to clinical treatment, and it was necessary to give patients multiple intermittent medications, based on the development of oncosphere to cysticercus. According to the developmental cycle of cerebral cysticercus, multiple courses of treatment were used with an interval of 2-3 months. Due to the complex antigen components, albendazole was first taken to deplete the glycogen in cysticercus and destroy the microenvironment of its survival so that cysticercus became inactive in the brain tissue. Then, praziquantel was taken to quickly kill cysticercus whose vitality had been greatly reduced, thereby reducing the insecticidal response in the treatment of praziquantel. In the course of treatment, the personalized scheme was adopted; that is, different doses of mannitol and corticosteroids were applied. Mannitol can increase plasma osmotic pressure and transfer water in the brain tissue into the blood vessels, thereby eliminating brain edema and reducing intracranial pressure. Corticosteroids are able to stabilize the blood-brain barrier, inhibit the immune response and stabilize the cell membrane structure to achieve dehydration and intracranial pressure reduction. In addition, both have the effect of scavenging free radicals in the brain, which is beneficial to protect brain cells. According to the patient's infection, after the second course of treatment, the dosage was gradually increased supplemented with blood circulation drugs and brain cell protection agents to promote lesion absorption and restore brain cell function. The combined therapy of the above two drugs was adopted in the present study, and the results demonstrated that the combination had a much higher parasiticidal efficacy against viable cysticercus compared with the monotherapy, which was in accordance with other studies (Garcia et al. 2014 (Garcia et al. , 2016 .
During and after antiparasitic treatment, patients may have adverse drug reactions, especially in the first week of taking medication. In this study, patients were given albendazole combined with liver protection, followed by praziquantel; the antiparasitic response rate was 29.30%, which was significantly reduced compared with the previous therapy with praziquantel alone (Li and Li 1998) . It was advisable to adopt personalized medication plan based on the severity of infection and the size of the lesion. Medication should be gradually increased from a low dose to a full dose, and dehydrating agents and corticosteroids should be added from the beginning of treatment to reduce intracranial pressure and prevent adverse drug reactions. The incidence of sequelae in patients treated with dehydrating agent and corticosteroids was significantly lower than that in patients without corticosteroids ( p < 0.05) (Xu et al. 2002) . Once fever, headache, dizziness, seizures, and other symptoms appear, drugs must be stopped promptly, and treatment should be conducted to the symptoms until they were alleviated. After the patient was discharged from the hospital, due to the dissolution and absorption of dead parasites, the toxins still stimulate the body, causing adverse drug reactions and sometimes lifethreatening. Therefore, guardianship for approximately 1 week was necessary to prevent the delayed adverse drug response.
